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ABSTRACT

An aircraft ultrasonic fuel-gauging system has a number of
gauging probes 1n a tank arranged so as to include at least
one set of three colinear probes. The outputs of the probes
are supplied to a unit, which checks the operation of the
probes 1n colinear sets by extrapolating height at one of the
probes from the outputs of the other probes. Where there are
two sets of colinear probes having a common probe it 1s
possible uniquely to 1dentify 1f the common probe 1s faulty.
The system rejects any faulty probe and uses only the
outputs of other probes 1n computations of fuel quantity.

12 Claims, 2 Drawing Sheets
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FLUID-GAUGING SYSTEM AND METHODS

BACKGROUND OF THE INVENTION

This invention relates to fluid-gauging systems and meth-
ods.

Aaircraft fuel tanks usually have several probes disposed to
measure the height of fuel within the tank at different
locations. The probes may be of any conventional kind, such
as capacifive or ultrasonic probes. The probes are preferably
located 1n a non-linear fashion, that 1s so that the locations
of no three probes lie on a straight line. In this way, the
maximum Information can be obtained about the orientation
of the surface plane of the fuel. In practice, however, 1t 1s not
usually possible to locate all probes within a tank so that no
three are arranged 1n a straight line or an almost straight line
because of limited availability of fixing points, intrusions
into the tank and other factors. The construction of fuel-
gauging probes can make them prone to false readings 1f, for
example, there 1s a blockage of fuel flow 1nto or out of the
probe, an accumulation of foam within the probe, adverse
thermal stratification conditions, water contamination, dam-
age to the probe or the like. Because of the movement of the
fuel surface within the tank, 1t 1s not always immediately
apparent when a probe 1s providing a false height reading.

BRIEF SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an
alternative fluid-gauging system and method.

According to one aspect of the present invention there 1s
provided a fluid-gauging system including a set of at least
three substantially colinear probes arranged to provide
respective outputs indicative of the height of fluid at three
different locations, the system being arranged to extrapolate
the height of fluid at a first of the locations from the outputs
of probes at the other two locations, and the system being
arranged to compare the extrapolated height with the output
of the probe at the first location to determine 1f the probes are
performing correctly.

The system preferably includes at least two sets of sub-
stantially colinear probes, the two sets having a common
probe such that a fault 1n the common probe can be 1dentified
uniquely. The system preferably includes at least one non-
colinear set of probes. The system 1s preferably arranged to
provide an output of fluid quantity derived only from those
probes 1dentified as functioning incorrectly. The probes may
be acoustic gauging probes. The system may be an aircraft
fuel-gauging system, the probes being located 1n an aircraft

fuel tank.

According to another aspect of the present invention there
1s provided a method of fluid-gauging including the steps of
receiving outputs from a set of at least three substantially
colinear probes, extrapolating the height of fluid at one of
the probes from outputs of the other probes, comparing the
extrapolated output of the one probe with its actual output to
determine whether the probes in the set are functioning
correctly.

Outputs may be received from at least two sets of sub-
stantially colinear probes having a common probe, the
method including the step of idenfifying a fault 1n the
common probe 1f a fault 1s idenfified in both sets. The
method preferably includes the step of providing an output
indicative of fluid quanfity from only those probes not
identified as functioning incorrectly.

An aircraft fuel-gauging system and method according to
the present invention, will now be described, by way of
example, with reference to the accompanying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic side elevation view of a system
having six probes;

FIG. 2 1s a plan view of the tank and probes of the system
shown 1 FIG. 1; and

FIG. 3 1s a plan view of a tank having eight probes.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

With reference first to FIGS. 1 and 2 there 1s shown a
system including a fuel tank 1 having six conventional
ultrasonic, acoustic fuel-gauging probes 2 to 7 mounted
substantially vertically on or above the floor 8 of the tank to
project upwardly within fuel 9 1n the tank. The probes 2 to
7 are mounted at different locations designated A to F in FIG.
2. Cables 10 connect the probes 2 to 7 with a fuel-gauging
unit 11, which supplies signals to the probes 1n the usual way
and receives their outputs. The fuel-gauging umit 11 com-
putes the mass of fuel and provides an output to a display or
other utilization means 12.

As can be seen from FIG. 2, three of the probes 2, 6 and
7 are located 1n a colinear set at locations A, E and F which
form a straight line 1n the plane of the surface of the fuel. All
other sets of three probes are located in non-colinear sets,
such as, for example, probes 2, 3 and 4, which are at
locations A, B and C, or probes 5, 6 and 7, which are at
locations D, E and F. Any one of these non-colinear sets of
three probes can be used to 1dentily three points on the plane
of the surface 13 of the fuel 9, which 1s sufficient to 1dentily
the position and orientation of the fuel surface uniquely.

The fuel-gauging unit 11 performs the following process-
ing steps on the outputs of the probes:

1. Determine height of fuel at each probe using conven-
tional processing;

2. Check whether any of the probes 1s 1nactive, that 1s,
fully exposed (dry) or fully submerged;

3. Identify the probes 1n a colinear set, namely probes 2,
6 and 7;

4. If all probes within a colinear set are not 1nactive,
extrapolate by triconometry the expected output of one
of the probes 1n the colinear set from the outputs of the
other two probes 1n that set;

5. If all probes within a colinear set are not 1nactive,
compare the extrapolated, expected output of the
probes derived 1n step 4 with the actual output from the
probes to check whether they are within accepted
tolerances;

6. If step 5 indicates a discrepancy, signal that there 1s a
possible fault in the colinear set;

7. Respond to any such signal produced at step 6 to
exclude outputs from the three probes 2, 6 and 7 from
calculation of the fuel plane position and orientation,
and 1mstead use outputs from a non-colinear set of
probes that does not include the probes 2, 6 and 7,
namely the non colinear set of probes 3, 4 and 5;

8. Compute the volume of fuel 1n a conventional manner
from knowledge of position of the fuel surface and tank
shape; and

9. Compute the mass of fuel from the volume and from
density information, such as from a densitometer.

It will be appreciated that, where the colinear set of probes
only comprises three probes, as above, 1t 1s not possible to
identify which probe of the three provides a false reading,
since a disagreement between an extrapolated height and a
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probe output could mean either that the output of the
extrapolated probe 1s faulty or that the output of one of the
other probes used 1n the extrapolation 1s faulty. If, however,
four or more probes are arranged 1n a colinear fashion, 1t
would be possible to identify one faulty probe of the set. It
1s also possible to identify uniquely a faulty probe 1n a
colinear set of three probes if that probe 1s also a member of
other colinear sets, since a fault indication i those sets
would be indicative that the fault occurs 1n the common
probe of the sets.

The probes need not be exactly aligned on a straight line
to form a colinear set, although the tolerances referred to in
Step § above would be increased. FIG. 3 shows a system
with a tank 1' having eight probes 13 to 20 1n which there are
eight colinear sets, as follows: 13, 15 and 16; 13, 15 and 18;
13, 15 and 20; 13,17 and 19; 13, 18 and 20; 14, 15 and 17;
14, 18 and 20; and 15, 18 and 20. In this system there are

only two probes 16 and 19 that are members of only one
colinear set. It 1s still, however, possible to 1dentify uniquely
when those probes are faulty because the other probes in the
respective sets, that 1s, probes 13 and 17, and 13 and 15, can
be excluded by checking the other colinear sets of which
they are members. It will be appreciated that there are
multiple non-colincar sets of probes within this eight-probe
system. If, for example, the check on the colinear sets of
probes 13,17 and 19 and the set 14, 15 and 17 both mdicate
a fault, the fuel-gauging unit 11' determines that probe 17,
which 1s common to both sets, 1s faulty. The fuel-gauging
unit 11' then uses only those non-colinear sets of probes that
do not mnclude probe 17 in 1its calculation of fuel quantity.
For example, the non-colinear set 13, 15 and 14, or 19, 18
and 20 could be used.

The invention enables 1ncorrectly operating probes to be
identified so that the fluid gauging can be performed with
only those probes that are functioning correctly, thereby
enhancing the accuracy of the system.

It will be appreciated that the invention 1s not confined to
gauging 1n aircraft or to gauging of fuel but could be used
in any fluid-gauging system having at least three probes. In
systems where there are only three probes, it 1s not possible
to 1dentily the faulty probe but 1t 1s possible to identify that
there 1s a fault and provide a warning.

What I claim 1s:

1. A fluud-gauging system comprising: a set of at least
three substantially colinear probes arranged to provide
respective outputs indicative of the height of fluid at three
different locations; and a unit connected to receive the
outputs of said probes, said unit being arranged to extrapo-
late the height of fluid at a first of said locations from the
outputs of probes at the other two locations, and wherein
said unit 1s arranged to compare the extrapolated height with
the output of the probe at the first location to determine 1if
said probes are performing correctly.

2. A system according to claim 1 mcluding at least two
sets of substantially colinear probes.

3. A system according to claim 2, wherein said two sets
have a common probe such that said unit can uniquely
identify a fault in the common probe.
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4. A system according to claim 1 including at least one
non-colinear set of probes.

5. A system according to claim 1, wherein said unit 1s
arranged to provide an output of fluid quantity derived only
from those probes not identified as functioning incorrectly.

6. A system according to claim 1, wherein said probes are
acoustic gauging probes.

7. Afluid-gauging system comprising: a number of probes
arranged to provide respective outputs indicative of the
height of fluid at different locations, said probes being
arranged to include a first set of three substantially colinear
probes and a second set of three non-colinear probes; and a
unit connected to receive the outputs of said probes, said unit
being arranged to extrapolate the height of fluid at a first of
said locations corresponding to one of said probes in said
colinear set from the outputs of other probes of said colinear
set, wherein said unit 1s arranged to compare the extrapo-
lated height with the output of the probe at the first location
to determine 1f said probes are performing, correctly, and
wherein said unit 1s arranged to compute fluid quantity
excluding outputs from probes i1dentified as not performing
correctly.

8. An aircraft fuel-gauging system comprising: a set of at
least three substantially colinear acoustic probes arranged to
provide respective outputs indicative of the height of fuel at
three different locations 1n a fuel tank; and a unit connected
to receive the outputs of said probes, said unit being
arranged to extrapolate the height of fuel at a first of said
locations from the outputs of probes at the other two
locations, and wherein said unit 1s arranged to compare the
extrapolated height with the output of the probe at the first
location to determine 1f said probes are performing correctly.

9. A method of fluid-gauging, comprising the steps of:
receiving outputs from a set of at least three substantially
colinear probes; extrapolating the height of fluid at one of
the probes from outputs of the other probes; comparing the
extrapolated output of the one probe with its actual output;
and determining whether the probes 1n the set are function-
ing correctly.

10. A method according to claim 9, wherein outputs are
received from at least two sets of substantially colinear
probes having a common probe, and including the step of
identifying a fault in the common probe 1f a fault 1s identified
in both sets.

11. A method according to claim 9 including the step of
providing an output of fluid quantity from outputs of only
those probes not 1dentified as functioning incorrectly.

12. A method of fluid-gauging comprising the steps of:
receiving outputs from a plurality of fluid-gauging probes;
identifying those outputs from a set of probes arranged
substantially colinearly of one another; extrapolating the
height of fluid at one of the probes of said set from Outputs
of other probes of said set; comparing the extrapolated
output of said one probe with 1ts actual output to determine
whether all probes 1n said set are functioning correctly; and
providing an output indicative of fluid quantity derived only
from those probes functioning correctly.
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